Beginning about 1950, a number of compounds have been describedd which have the property of reducing growth in higher plants. The most widely known and studied of these dwarfing agents or growth retardants are 2-isopropyl-4-(dimet'hylamino-5-methylphenyl-1 -p~iperidlinecarboxylate methyl chloride or AMO-1618, (2-chloroethyl) trimethylamnionium chloride or CCC (Cycocel), tribultyl-2,4-dichloroobenzylphosphonium chloride or Phosfon D, and N-dimethylsuccinamic acid or B-995 (B-Nine) (3, 16 
Beginning about 1950, a number of compounds have been describedd which have the property of reducing growth in higher plants. The most widely known and studied of these dwarfing agents or growth retardants are 2-isopropyl-4-(dimet'hylamino-5-methylphenyl-1 -p~iperidlinecarboxylate methyl chloride or AMO-1618, (2-chloroethyl) trimethylamnionium chloride or CCC (Cycocel), tribultyl-2,4-dichloroobenzylphosphonium chloride or Phosfon D, and N-dimethylsuccinamic acid or B-995 (B-Nine) (3, 16) . Although these compounds are quite different in their chemical structure, their effect on plants is in general quite similar. The most common response is reduction of stem elongation which in extreme cases can result in almost rosette-like growth habit but which, apart from a deeper-green color and greater thickness of the leaves, is usually not associated with pronounced anomalies of development or structure, as is, for example, growsvth inhibition by high doses of .auxins or related compoun(ls. Another effect, observe(l in some plants, is suppression of the flowerinducing effect of favorable photoperiods (1, 17, 18) . This effect is also selective, vegetative growth, as expressed by the rate of leaf formation, not being affected at all, or affected to a much lesser extent.
The selectivity of action of the retardants suggests nlot only agricultural and horticultural applications, such as prevention of lodging in cereals by reducing the height of the plants, or production of attractive, compact ornamentals, but also interesting possibilities for the analysis of the physiology of a number of growth phenomena.
A number of investigators have emphasized that the response of plants to the growth retardants tends to be the opposite of that to gibberell-ins, and have shown that the effects of the retar plants can be overcame by treatment with gibberellins (GAs) (1, 7, 14, 16, 17, 18) . Lockhart (7) has proposed, on the basis of kinetic studies, that the retardants are genuine GA antagonists, exerting their effect by reducing the activity of GA in plant tissues in a specific manner. 1 Received July 27, 1964. 2 Supported by grant GB-625 from the National Science Foundation and institutional grant IN-39 from the American Cancer Society. 3 (6) , and the gibberellin levels were expressed as equivalents of gibberellic acid.
All experiments, unless otherwise noted, were done in 2 or 3 replicates.
In some experiments, the gibberellin-containing fraction was subjected to thin-layer chromatography with Silica gel G as adsorbent and di-isopropyl etheracetic acid (95: 5) as solvent, and gibberellin-like materials were identified by their UV fluorescence after spraying the plates with ethanol-sulfuric acid (95: 5) and heating (10 minutes, 120°), according to the procedures of MacMillan and Suter (8) .
In some other experiments, 'it was necessary to Tetramethylammonium bromide was much less active than CCC. It started to exhibit its inhibitory effect on GA production at a concentration of 10-5 Ar and even a concentration of 10-3 Ai at which CCC and most of the highly active analogs suppress GA production to a few per cent, did not result in complete inhibition.
The 3 other analogs, when tested in concentrations Up to 10-3 AI (table II) and also 2 X 10-3 A, had i1') effect on gibberellin production in Fusariumt.
The growth of the fungus, as measured by the dry weight of the mycelium, was not affected by any of the 7 CCC analogs. Do the active analogs inhibit GA biosynthesis or cause GA destruction ? In view of the experience with CCC (11) destruction is a priori unlikely but the question was tested with 2 of the compounds. The results are given in table III. The compounds were not added until an appreciable amount of GA had been produced, namely until the fourth day of culture. Further GA synthesis was blocked, but there was also no reduction in the level of GA already attained, i.e., no destruction or inactivation of GA.
As in the earlier work with CCC (11), experiments were also carried out to determine whether gibberellin biosynthesis would resume after thoroughly washing a mycelium which had been grown in the presence of active CCC analogs, and transferring it to fresh, retardant-free medium. The results, as given in figure 1 , show that gibberellin production in the new culture medium remained suppressed at least for the first 3 days.
As in the case with CCC it seemed very likely that even thoroughly washed mycelium retained an appreciable amount of the growth-retarding compoundsenough to 'block gibberellin biosynthesis almost completely during the first 3 days.
The next experiment confirmed this explanation. Resumption of GA production in Fusarium after transfer from retardant-containing to retardant-free medium.
Note lag period, particularly with chloroally"ltrimethylammonium chloride.
First, the fungus was grown in standard medium with 2 X 10-3s of an active compound. After a period of 3 days, the medium was filtered off, and the mycelium was washed thoroughly with distilled water and homogenized in 70 % ethanol. The homogenized mycelium was centrifuged off, and the ethanol evaporated. The residue was dissolved in water and added to fresh medium. The gibberellin production of Fusariumn grown in this medium was strongly inhibited. Sufficient active compound was recovered from 1 culture grown in the presence of 2 X 10-3 M of 2-chloroallyltrimethylammonium chloride or bromoethylammonium bromide to suppress gibberellin biosynthesis in a new culture by more than 90 % (table  IV) .
Experimctots with the SS-1 Strain of Fusariurn. The strain of Fusarium which was employed throughout the experiments described so far (M-45-399) forms gibberellic acid as its main gibberellin. When the gibberellin-containing acidic extract fraction is thin-layer chromatographed and the chromatograms heated with alcoholic sulfuric acid, spots fluorescing in the colors characteristic of gibberellins appear at RF = 0.11, corresponding to gibberellic acid, and also at RF = 0.23, 0.44 and 0.55 (the latter 3 zones have not been tested for biological activity). It had been shown previously (11) that the addition of CCC to the culture medium caused absence not only of gibberellic acid, but also of the other fluorescent regions on the chromatograms.
In order to expand this information, experiments were undertaken using another strain of Fusarium. This strain, designated as SS-1 and derived from MI-45-399 as a single-spore isolate, produces under our conditions 2 gibberellins in abundant quantities. The RF values of these 2 major products are 0.11 and 0.44, closely corresponding to the RF's of GA1 and GA3, and GA4 and GA7, respectively. In addition, there are fluorescent spots at RF = 0.5 and 0.65. When this strain of the fungus was grown in the presence of 10-3 M of either 1 of 2 active CCC analogs, namely 2-chloroallyltrimethylammonium chloride and The experiments were made with the Fusarium strain which produces gibberellic acid as its predominant gibberellin. As shown in table V, no increase in the gibberellin levels in the medium was detected.
The conversion factor of (-)-kaurene to gibberellic acid in the experiments of Cross et al. (4) was 5.7 %. If a similar conversion factor had pertained in our experiments, 28 ,ug of gibberellic acid above the control value should have been present in the medium. This is an amount entirely sufficient for detection, above the background level, by our assay procedures. The experiments are preliminary and should be repeated with additional compounds, using radioactively labelled products (radioactive kaurene, kauranol and steviol were at present unavailable). However, if kaurene is an intermediary in the normal pathway of with Phosfon D and the other with its quaternaryI anmLonium analog, Phosfon S, were prepared. One culture in each series received 100 mg per liter of 1 of the 2 compounds on the first day of the culture; the second one on the first and second day; the third on the first, second and third day; and the fourth on the first, second, third and fourth day. A fifth culture in each series was left without the compounds, as control. The total of 10 cultures were harvested on the fifth (lay, and the amount of gibberellin in the culture medium was determined. No differences in gibberellin level among the different treatments were found.
In view of the negative outcome of this experiment another approach was tried. Fusariurn was grown in standard medium with 300 mg per liter of Phosfon D for different periods of time. After each period the mycelium was homogenized in 70 % ethanol while the culture medium was partitioned 5 times against ethyl acetate, after adjusting pH to 2.5, in order to eliminate gibberellins produced during the culture period. Both the myceliuln extract and the gibberellin-free culture medium were dried and redissolved in distilled water. Different volumes of the mycelium and the medium extracts were made up to 150 ml with distilled water, and were tested by means of the mungbean assay for presence of retardant. As controls, similar series of cultures, one without Phosf on, another with Phosfon but without fungus, were prepared and analyzed in the same manner as the test cultures. Several such experiments were made, some wvith longer and others with shorter periods of incubation.
The principal results are shown in figure 2 . While Phosfon incubated in the absence of the fungus vas recovered without any apparent loss, no Phosfon could be found after a period of 20 hours in the culture medium, and the mycelium was also Phosfon-free after culture periods of 5 days (fig 2) and less.
Originally, 15 mg of Phosfon D were added to each culture (50 ml), and one-fifteenth of the medium was used for the mungbean assay. Therefore 
Discussion
Table VI summarizes our results with the analogs of CCC. It can be seen that there is a complete agreement between the effectiveness of the compounds in inhibiting growth in higher plants, and in inhibiting GA biosynthesis in Fusarium. From this it becomes highly probable that the action of CCC, and quite likely also that of AMO-1618, on stem growth and other growth responses in higher plants is based on inhibition of the biosynthesis of gibberellins which are required in the growth processes. This conclusion is strengthened by the finding that in a tissue which is wholly dependent on exogenous GA supply, the barley endosperm, the retardants were without any effect on the gibberellin-controlled response, formation of alpha amylase (12).
Our conclusion is not intended to rule out any other effects of the retardants. In some cases, for example in plant tissue cultures (15) , it has been found that growth is inhibited by retardants but cannot be restored by added GA. Similar observations have been made in our laboratory with respect to growth of roots in pea seedlings. It should be considered that all these experiments were done with gibberellic acid (GA3) and that failure to obtain a response, in this case restoration of growth, with 1 single gibberellin is no conclusive proof for ineffectiveness of gibberellins in general. For example, flower formation in certain plants could not be induced by application of GA3 but could by application of other gibberellins (9). It is however also possible that the retardants exert certain effects on growth which are not based on their effect on GA biosynthesis. But in those cases, and these are by far the majority, where the effect of the retardants on growth can be prevented or overcome by applied GA our explanation appears as the valid one.
Our findings render the growth retardants CCC and AMO very useful tools in studying the role of endogenous gibberellins in plant growth and development. For example, they strongly support the conclusion that these gibberellins play a part in the regulation of flower formation (1, 17, 18) , of sex expression in cucumbers (10) Ho-wever, in the barley-endosperm system B-995 was quite ineffective in modifying the GA-induced response (12) . Further experiments on the action mechanism of B-995 and related compounds are clearly needed.
As to the point of action of CCC in GA biosynthesis, our data with kaurene, kauranol and steviol indicate the possibility that CCC action concerns some of those steps which are involved in the conversion of a C20 to a C19 structure, or a later step. On the other hand, the data with 2 different strains of Fusariuni, which differ in the kinds of gibberellins produced but in which GA production is equally suppressed by CCC and active analogs, suggest that it is a step common to the synthesis of many different gibberellins, and does not concern interconversions between certain, particular gibberellins, at least those produced by Fusarium. It is however obvious that these are tentative experiments, and the conclusions subject to verification by more refined investigations. Unpublished results, obtained in this laboratory by M. Ruddat 
